Concentrating on consuming coefficient, partition coefficient, and Leontief inverse matrix, relevant concepts and algorithms are developed for estimating the impact of meteorological services including the associated (indirect, complete) economic effect. Subsequently, quantitative estimations are particularly obtained for the meteorological services in Jiangxi province by utilizing the input-output method. It is found that the economic effects are noticeably rescued by the preventive strategies developed from both the meteorological information and internal relevance (interdependency) in the industrial economic system. Another finding is that the ratio range of input in the complete economic effect on meteorological services is about 1 : 108.27-1 : 183.06, remarkably different from a previous estimation based on the Delphi method (1 : 30-1 : 51). Particularly, economic effects of meteorological services are higher for nontraditional users of manufacturing, wholesale and retail trades, services sector, tourism and culture, and art and lower for traditional users of agriculture, forestry, livestock, fishery, and construction industries.
Introduction
The production of sufficient food, fuel, and fiber to meet the world's needs in a sustainable manner relies not only on the natural resources for growing them but also critically upon favorable weather conditions [1] . In recent years, frequent severe weather conditions such as droughts, flood, heavy snowfalls, and high temperatures have increasingly raised governmental and public concerns about meteorological services. However, to promote the utilization of valuable meteorological services, benefits need to be demonstrated quantitatively and answers to relevant questions need to be convincible. Critical questions include those regarding the economic effects, their measures, and estimation methods and models.
For example, what are some quantitative results regarding the economic effects saved from disastrous weathers due to accurate meteorological service forecasts? What are some meaningful and reasonable measures for estimating such benefits of meteorological services? Unfortunately, there have been no effective methods and models established in the literature that can be employed by scientists for the desired estimation of the economic effects attributable to meteorological services. One difficulty is to correctly identify the economic effects saved from meteorological services as they are associated with each link of production or consumption. Another difficulty is to determine the costs operating the whole process of meteorological services that requires a wide range of considerations, including weather forecasting systems and assessment of many indirect costs. Still another difficulty is to describe a practical demand function-the demands of 2 The Scientific World Journal meteorological services can be highly implicit at present. Moreover, highly demanded assessment methods and models of economic effects benefited from meteorological services are also related to assessment policies, processes, and practice [2] .
Attempts in overcoming these difficulties were proposed by many researchers. Studies and exploratory trials have been carried out for exploring effective technologies and solutions both in China and abroad. These solutions can be roughly classified into three categories: direct field investigation, expert knowledge and qualitative analysis, and inputoutput assessment. Among the methods in the direct field investigation category, the focus is to measure the effects on the service objects that are rescued due to the use of meteorological services for users through the direct field investigation. Nguyen et al. calculated the economic effects of typhoon warning services in Vietnam [3] . By designing questionnaires based on the contingent valuation method, Birol et al. estimated the economic effect of water resources management [4] . Within the second category, expert knowledge and qualitative analysis, one calculates the effect brought by meteorological services using expert knowledge, Delphi method, or alike and then combining qualitative analysis measures and quantitative analysis results. Krieger and Green put forward the decision and optimization model of service effect estimation [5] . Recently, Xu estimated meteorological service effects using the Delphi method [6] . Integrating the experts' knowledge into the epidemiology-based exposureresponse functions, Kan and Chen assessed the health based economic cost of particulate air pollution in urban areas of Shanghai of China [7] . For the third category, inputoutput assessment, researchers compute the associated effects brought by services using an input-output method. Chen and Yin proposed a computing method of indirect and complete economic effects [8] . Using input occupancy output techniques, Wang established an accounting method for estimating the complete forward and backward economic effects for all industries in the national economy [9] . Hewings and Sonis proposed some concepts and algorithms relating to forward and backward linkage, correlative relations within industries, and output multipliers in input-output analysis [10] . Recently, Chen et al. estimated the associated social economic effects brought by oyster breeding in Taiwan [11] , and Kerschner and Hubacek assessed the potential economic effects of peak oil using the input-output analysis [12] . These are just some of the existing researches achieved so far.
The Delphi method (a structured communication technique, originally developed as a systematic, interactive forecasting method which relies on a panel of experts), is frequently employed by researchers. As a subjective, qualitative method, the Delphi method is essentially a feedback anonymous letter of inquiry method, with several advantages such as full role of experts, brainstorming, and high accuracy. However, it should be noticed that this expert opinion method can be utilized only when there is a lack of sufficient information-due to its drawbacks including (1) no clear criteria regarding expert selection, (2) lack of rigorous scientific analysis of the results, and (3) the final convergence of views having a tendency to follow the crowd.
Moreover, except for a few case studies, most researchers only estimated the direct effects without investigating the indirect effects, which results in a gap in the literature of meteorological services. Moreover, most researchers simply combined field investigations and expert knowledge for estimating service effects in a single region, industry or enterprise; few studies utilized the input-output method to estimate the comprehensive service effects. Research, using input-output methods to calculate the associated and indirect economic effects, is rare. Chen and Yin and Wang, respectively, defined the concepts of indirect economic effect and complete economic effect and put forward corresponding algorithms [8, 9] .
Centered about consuming coefficients, partition coefficients and Leontief inverse matrix, we present in this paper the concepts of associated economic effect, indirect economic effect, and complete economic effect, input-output method, and algorithms that estimate, respectively, the associated, indirect, and complete economic effects. Generally, the direct economic effect is assumed to be known. In addition, illustrative examples are provided to explain the concepts and demonstrate the reliability and practicability of the models and algorithms regarding the theoretical innovation and economic effects for applications.
Specifically, since the input-output table reflects more accurately the technical and economic relationships between industries in the national economy [13] , it has become an ideal tool for calculating the associated and indirect economic effects of industries. According to the principle of doing certain things and refraining from doing other things, we present assessment models for associated, indirect, and complete economic effects based on the input-output table.
Taking the meteorological service data in Jiangxi province in 2007 as an example, we obtained a series of results regarding the economic effects of meteorological services. Section 2 describes the concepts, principles, and hypotheses. Section 3 introduces our estimation methods and algorithms. Section 4 illustrates our methods and algorithm with an actual example. The last section, Section 5, lays out the concluding remarks.
Concepts, Principles, and Hypotheses
In this section we will define concepts that describe economic effects and then introduce the principle of input-output table and several hypotheses.
Definition of Concepts.
Here we assume that the direct meteorological service object is industry .
The direct economic effect of meteorological services is the increased economic effect due to the use of these meteorological services. To further explain this concept, assume that two similar industries, one utilizing the meteorological services and the other not, have similar input levels but with different outputs. The difference between the outputs that is beneficial from the use of the meteorological services is referred to as the direct economic effect.
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The associated economic effect of industry is the economic effect due to the demands of other industries for the products (or services) produced (or provided) by industry , which is to be calculated through the interdependency coefficients.
The indirect economic effect of industry is the sum of economic effects for industry and other industries generated indirectly through an economic and technological relation.
The complete economic effect of industry is the increment of final output in all industries of national economy system brought by direct economic effect with the circulation of production-consumption. Table. The input-output table describes resources of inputs and usages of outputs on all industries of the national economy in a matrix form for a period of time (usually one year). It reveals the quantitative relations which are not only interdependency but also mutually restraining for all industries of the national economy. As an important part of the national economic accounting system, the input-output table of China consists of three parts named as Quadrants I, II, and III. Table 1 is illustrated.
Principle of the Input-Output
Interconnected, these three parts of input-output table fully and systematically reflect the interrelations of all industries of the national economy, during the production cycle process from production to usage, by view of total quantity and structure of input-output. The following are some basic balance relationships in the input-output table:
(i) line balance:
Intermediate use + Final use + Others
(ii) column balance: 
(iv) interdependency between industries. The interdependency between industries can be expressed as follows:
or in the matrix form = + , where is the total output of industry , is the final demand of industry , and is the ratio of the input of industry over the total demand of industry (1 ≤ , ≤ ). Given industries, characterizes the distribution of inputs contributed by the industries ( = 1, 2, . . . , ) to the total input required by industry [15] . Matrix will be called the technical coefficient matrix.
Hypotheses of Input-Output Model.
The input-output model is a simplification of the Walrasian general equilibrium model [16] . There are three main hypotheses.
1 : Pure industry: assume that each industry only produces one kind of product with one production technology. Meanwhile no different production technology can be selected or mutually replaced in the process of production across different industries.
Models holding 1 can reflect the composition of material consumption and the relation between production and technology more accurately.
2 : Each technical coefficient is relatively fixed. Regardless of factors of technical progress and increase of labor productivity, assume that each direct consumption coefficient (i.e., technical coefficient) is fixed in a given period, that is to say, ignore influences of relevant dynamic factors.
Here, dynamic factors include change of time, technology, price, industry, or product structure among others. With 2 , the analysis will be much simplified.
Estimation Models of Associated, Indirect, and Complete Economic Effects

Estimation Models of Associated Economic Effects
(1) Direct Interdependency. The direct interdependency means the economic and technological relation between an industry and another industry which needs products or services from the former. It is usually measured by the direct distribution coefficient ℎ ( , = 1, 2, . . . , ). ℎ represents the proportion of the products or services directly used as intermediate products distributed from industry to industry in the total output. The formula calculating ℎ is
where denotes the products or services used as intermediate products distributed from industry to the latter and is the total output of industry .
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is the complete distribution of industry provided per unit of value-added in industry . It can be calculated on the basis of complete consumption coefficient. The matrix form formula calculating is given by
where is the by identity matrix and is the matrix of direct distribution coefficients, that is,
describes the total accumulative distribution effect and it is similar to the Leontief inverse matrix ( − ) −1 . The bigger the complete distribution coefficient, the greater the motivational effect of complete supply, and the bigger the complete interdependency between industries. Complete distribution coefficients not only reflect the direct impact among industries but also reflect the indirect impact of every level, which is more comprehensive for analyzing relativity between industries. 
Here, is the complete distribution coefficient of industry for products of industry , is the direct economic effect of meteorological service for industry due to industry , and in (7) is called the associated economic effect of meteorological service from industry .
Estimation Model of Indirect Economic Effect.
Recall, from Section 2.1, that the indirect economic effect is the economic effect brought indirectly through an economic and technological relation. According to the input-output model in Table 1 , we can get the total output of one industry as follows:
Here, is the intermediate consumption, representing the product value consumed in industry which is provided by industry , is the product value which is used as final use in industry , and is the total output of industry . By adding the direct consumption coefficients = / into the model, (8) can be turned into
The matrix form of (9) is + = , where is the technical coefficient matrix, and we have
In the input-output table, service effects can be represented as the increase of final output, assuming that the final outputs of other industries are fixed. On the basis of the direct economic effect of a certain industry produced by services, we will explain the indirect effect as Δ brought by the direct economic effect of an industry. Accordingly, (10) changes into the incremental form:
Here, Δ is the indirect effect of this industry brought by meteorological services, ( − ) −1 is the Leontief inverse matrix, and Δ is the direct effect of this industry brought by services which is represented as the increase of final use.
Estimation Model of Complete Economic Effect.
According to the previously established estimation model for the indirect economic effect, the increment of final use brought by the direct effect in the first round is Δ = ( − ) −1 Δ . The increase of output in the first round will improve resident income, thus increasing resident consumption, which will further lead to the increase of output in the second round. The whole process repeats itself in circle. Of course, there are some hidden assumptions. First, the economic system has an enormous amount of idle productive capacity so that there will not be induced investment in the process of circulation. Second, with the increasing resident income, the marginal propensity to consume is constant. Third, consumption structure does not change as consumption scale changes.
Assume that = ( 1 , 2 , . . . , ) denotes the vector of resident income structure in each industry ( is the ratio of laborers' remuneration in total output for industry ). Let denote the marginal propensity to consume. Then ⋅ ( − ) −1 Δ represents the increment for consumption brought by service effect in the first round. Let be the column vector of resident consumption structure coefficient in input-output table. Element in is the ratio of consumption of each industry in the total value of that column. So ( − ) −1 Δ is the resident consumption increment produced by the increase of final use in the first round.
−1 Δ is the output increment induced by the increase of final use in the initial state and first round, and so on. This production-consumption-production cycle will go on until the system reaches a new equilibrium. The foregoing is expressed by a mathematical equation as follows:
Then we can get
The Empirical Analysis of Meteorological Service Effects in Jiangxi Province
In this section, we will utilize the data obtained from Jiangxi province in 2007 to illustrate the concepts and models introduced in this paper (Section 3). We employ the input-output method to estimate the economic effects of meteorological services based on the data given in the 2007 input-output estimated the meteorological service effect on agriculture, forestry, husbandry, and fishery, transportation, construction, production, and supply of electric power, gas, and water, and insurance, manufacturing, resident service, and other services, wholesale and retail sale in Jiangxi province [14] . To correspond to the names of 135 industries in input-output table, we process the same data but utilizing our comprehensive economic effect estimation method as follows.
(a) Zou, Lu, and Dong synthesized agriculture, forestry, husbandry, and fishery into one industry. In this paper we split it equally into five shares with the same average proportions of 3.61%.
(b) In Zou, Lu, and Dong's study, there was only an average proportion of direct service effect for general "manufacturing". In this paper we use 54 kinds of manufacturing in the table of 135 industries with the same proportions of 0.512%.
(c) In Zou, Lu, and Dong's study, there was only an average proportion of "insurance. " Considering that "insurance" is a subkey of "finance" in the table of 135 industries, we equate "insurance" with "finance, " whose ratio of meteorological service effect in total output is 1.943%.
(d) In Zou, Lu, and Dong's study, there was only an average proportion of "transportation and warehousing. " In this paper we treat 8 subkeys of "transportation and warehousing" in the table of 135 industries whose proportions are all 2.454% equally. (e) In Zou, Lu, and Dong's study, there was only a contribution rate of "resident service and other services. " According to the table of 135 industries, "resident service and other services" will be subdivided into "resident service" and "other services, " whose proportions are all 0.484%.
Specific results are provided in Table 2 . It should be pointed out that the Delphi method is a structured communication technique, originally developed as a systematic, interactive forecasting method which relies on a panel of experts and thus subject to and dependent on the knowledge of the participating experts. Hence, this method is more subjective in nature.
Moreover, since the available meteorological service data sets for Jiangxi province from 2003 to 2007 are quite rich, the input-output method would be more appropriate. In fact, the Delphi (expert opinion) method is utilized only when there is a lack of sufficient information (due to its three drawbacks stated in Section 1).
In contrast, our estimation model (input-output method) for obtaining quantitative results regarding the comprehensive economic effects of meteorological services is established on the inhesion relevance among different industries, which is more objective and provides a practical setting for preventive strategies and other recommendations to rescue in the face of extreme weather conditions. Specifically, since the input-output table reflects more accurately the technical and economic relationships between industries in the national economy [13] , it has become an ideal tool for calculating the associated and indirect economic effects of industries. According to the principle of doing certain things and refraining from doing other things, we present assessment models for associated, indirect, and complete economic effects based on the input-output table. Taking the meteorological service data in Jiangxi province in 2007 as an example, we obtained a series of results regarding the economic effects of meteorological services.
Results and Analysis.
By utilizing the estimation equations of associated economic effect (7), indirect economic effect (11) , and complete economic effect (13), we summarize the results in Table 3 .
An analysis of Table 3 reaches the following conclusions.
(1) Due to the technical and economic relations between industries, the direct economic effect of services can bring to all industries the associated, indirect, and complete economic effects. The direct economic effect of meteorological service in Jiangxi province in 2007 was 13882.63853 million RMB, which brought the associated economic effect of 39521.90571 RMB, indirect economic effect of 33991.28942 RMB, and complete economic effect of 50105.33474 RMB. Three economic effects, respectively, increased by 1.847-fold, 1.448-fold, and 2.609-fold.
The Scientific World Journal 7 The ratio range of input in associated economic effect in Jiangxi province is about 1 : 85.41-1 : 145.197, the ratio range of input in indirect economic effect is about 1 : 73.44-1 : 124.848, and the ratio range of input in complete economic effect is about 1 : 108.27-1 : 183.059, which are remarkably different from a previous estimation based on the Delphi method (stated below).
Ren studied the "Input-output table of China in 2007" for the whole country using the traditional Delphi method and concluded that the effect ratio range of input in output brought by meteorological services in China is 1:30-1:51 [19] .
In contrast, our results suggest that the associated, indirect and complete economic effects brought by meteorological services are so huge that more attention should be paid to this field.
(2) As observed from the calculation of associated economic effect brought by direct economic effect, the top five industries, in order of decreasing proportions of associated effect are refractory product manufacturing (1405.538-fold), special machinery for agriculture, forestry, husbandry, and fishery manufacturing (158.467-fold), cement and gypsum product manufacturing (157.029-fold), brick, stone, and
The Scientific World Journal 9 Also, from the calculation of indirect economic effect brought by direct economic effect, the top 5 industries in order of decreasing increments are railway transport equipment manufacturing (15.316-fold), fertilizer manufacturing (8.698-fold), special machinery for agriculture, forestry, husbandry, and fishery manufacturing (8.487-fold), pesticide manufacturing (7.896-fold), and basic chemical raw material manufacturing (5.438-fold). The bottom five construction (0.035-fold), convenience food manufacturing (0.053-fold), fishery (0.060-fold), other food manufacturing (0.090-fold), and animal husbandry (0.148-fold).
Furthermore, as observed from the calculation of complete economic effect brought by direct economic effect, the top 5 industries in order of decreasing increments are railway transport equipment manufacturing (21.810-fold), fertilizer manufacturing (12.1651-fold), special machinery for agriculture, forestry, husbandry, and fishery manufacturing (10.654-fold), pesticide manufacturing (10.602-fold), and wholesale and retail sale (9.113-fold). The bottom five are construction (0.069), fishery (0.231), warehousing (0.522-fold), service of agriculture, forestry, husbandry, and fishery (0.546-fold), and animal husbandry (0.560-fold).
Thus, increments of indirect and complete economic effects on traditional meteorological service objects such as construction, agriculture, forestry, husbandry, fishery, and warehousing are comparatively low, while some industries such as railway transport, equipment manufacturing, and fertilizer manufacturing can reach more indirect and complete economic effects. Consequently, in the future, meteorological service should tilt toward industries including railway transport, equipment manufacturing, and special machinery for agriculture, forestry, husbandry, and fishery manufacturing and provide more targeted fine services to improve their indirect and complete economic effects of meteorological service.
(3) As seen from the calculation of complete economic effect brought by indirect economic effect, the top five industries in order of decreasing increments are culture and art (577.222-fold), tobacco processing (67.673-fold), tourism (26.218-fold), weaving, dyeing, and finishing (16.627-fold), and public facilities management (14.027-fold). The bottom six are construction (0.033-fold), cement and gypsum product manufacturing (0.078-fold), service of agriculture, forestry, husbandry, and fishery (0.092-fold), refractory product manufacturing (0.122-fold), steel rolling processing (0.157-fold), and ferrous metal ore mining (0.157-fold). It indicates that owing to the production-consumption-production cyclic effect, the output multipliers of industries like culture and art, tobacco processing, and tourism are bigger than those of construction, agriculture, forestry, husbandry, fishery, and so on. The results are of course affected by multiple factors such as technical and economic relation, marginal propensity to consume, ratio of resident income in total output, and so on. Because of the increasing relevance of industrial economic system, rapid development of public administration, social organization, education, technology, and the gradual reveal of effect on the policies of expanding The Scientific World Journal 13 domestic demand, the indirect and complete economic effects brought by meteorological service will continue to increase.
While Zou, Lu, and Dong estimated the ratio of meteorological services effect (input-output ratio) for various industries, they did not calculate the economic effects [14] . As a result, we could not make a comparison between our results and theirs.
Concluding Remarks
In this paper we introduced the concepts of direct (associated, indirect, and complete) economic effect. Focusing our research on the direct consuming coefficient, the complete consuming coefficient, and Leontief inverse matrix, we have developed estimation methods for the associated, indirect, and complete economic effects. Using the meteorological services in Jiangxi province as a demonstrative example, the concepts and methods have been validated.
The main findings include the following.
(1) Higher interdependency between economic systems of different industries exist, implying that the associated, indirect, and complete economic effects brought on by meteorological services could be much larger. For example, the ratio range of input in complete economic effect on meteorological services in Jiangxi province is about 1 : 108.27-1 : 183.059, which is larger than that of previous estimation using Delphi method (1 : 30-1:51), suggesting that the society as a whole should pay more attention to meteorological services.
(2) Some industries with higher industrial connection ratios (Leontief inverse matrix), such as steel rolling processing, other nonmetal ore mining, and manufacturing, can achieve more associated, indirect, and complete economic effects. It follows that more attention should be paid to the meteorological services of these industries.
(3) Increments of complete economic effect for some industries are relatively larger. These include railway transport, equipment manufacturing, fertilizer manufacturing, special agriculture machinery manufacturing, forestry, livestock, and fishery manufacturing, pesticide manufacturing, wholesale and retail sales, and other services. Consequently, governments should engage meteorological services in these areas.
(4) Increments of indirect and complete economic effects on meteorological services traditionally directed to industries like construction, agriculture, forestry, livestock, and fishery, and warehousing are low. In the future, meteorological service providers should both expand their customer range and improve their quality of service in order to ultimately increase their comprehensive economic effects in these domains.
The algorithms developed in this paper are characterized by the following strengths.
(1) When used in estimating the economic effects of meteorological services, the algorithms make it possible to fully consider the intrinsic relationship between industries; calculated comprehensive values are more scientific and credible.
(2) The algorithms developed can rank the industries with the biggest increments and pick out highly sensitive industries. The results can provide references for development strategy and meteorological service investment decisions.
(3) The algorithms can also be used for loss from weather events, for example, for the associated, indirect, and complete economic loss of industrial economic systems caused by disasters or sudden crises (e.g., the impact estimation of "911" event on US aviation). Similarly, the impact estimation for different carbon reduction policies on industrial economic systems, goal programming, and design of industrial regulations, all lend themselves to the use of the algorithms.
Finally, there are still some concerns regarding the concepts, algorithms, and applications of associated, indirect, and complete economic effect estimation mentioned. In particular, the assumption that the relevance within industries is linear, rigid, and static may not reflect exactly reality of dynamic and complex industrial economic systems. To overcome such constraints assumed in the input-output method remains a major focus of future research.
